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b Taxonomic group, organism, Concentrat iona Ref e ren  ce 
t i ssue,  and o the r  va r iab les  

C a l  i f o r n i  a 
Merced 
Sacramento 
Other 

Northern p i n t a i l ,  Anas acuta 
Adu l t  
Immature 

Mot t led  duck, Anas f u l v i q u l a  
Adu l t  
Immature 

Canvasback 
Adu l t  
Immature 

Redhead, Avthva americana 
Adu l t  
Immature 

Adu l t  
Immature 

Adu l t  

Lesser scaup, Avthva a f f i n i s  

Black duck, Anas rubr ipes  

MAMMALS 

F i e l d  mouse, ADodemus s v l v a t i c u s  
Near abandoned Pb mine 

Whole body 
Kidney 
L i v e r  
Bone 

I Bra in  
7 ;  Muscle 
'I; Contro l  area 

Whole body 
' Kidney 

L i v e r  
Bone 
Bra in  
Muscle 

15 DW 
38 DW 
25 DW 

7 DW 
6 DW 

48 DW 
40 DW 

17 DW 
8 DW 

26 DW 
24 DW 

3 DW 
2 DW 

8 DW 

(9 - 14) DW Roberts e t  al.. 1978 
(39 - 46) DW 
(12 - 13) DW 

(189 - 352) DW 
(6 - 13) DW 
(7 - 10) DW 

1 DW 
(9 - 13) DW 
(5  - 8) DW 

(11 - 21) DW 
(3 - 4) DW 
( 5  - 6)  DW 
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Table 5. (Continued) 

b Taxonomic group, organism, Concentrationa Reference 
tissue, and other  var iab les 

Short - t a i  1 ed shrew, 
81 a r i  na brev i  cauda 

Near  metal smelter 
Control s i t e  

(>12,000 vehi c l  es/day) 
Total  body 
Gut 
Spleen 
L i v e r  
Lung 
Kidney 
Femur 
Muscle 

(<400 vehicles/day) 
Total  body 
Gut 
Spleen 
L i v e r  
Lung 
Kidney 
Femur 
Muscle 

Cow, Bos b o v i r  
M i  ssouri , h a i r  

Near Pb smelter 
Fa1 1 
Winter 
Spring 
Summer 

Fa1 1 
Winter 
Spring 
Summer 

Carcass 

From area o f  h igh t r a f f i c  l e v e l s  

From area o f  low t r a f f i c  l e v e l s  Y 

Control area . 

Dung 
Near roadway 
Dis tant  s i t e  

109 DW 
18 DW 

18 DW 
24 DW 

4 DW 
5 DW 

17 DW 
12 DW 
67 DW 
10 DW 

6 DW 
3 DW 
2 DW 
1 DW 
8 DW 
4 DW 

12 DW 
5 DW 

94 DW 
87 DW 
96 DW 
66 DW 

Beyer e t  a l .  1985 

Getz e t  a l .  1977c 

Dorn e t  a l .  1974, 

2 DW 
4 DW 
2 DW 
1 DW 

10 DW Robe1 e t  a l .  1981 
8 DW 



Dog, Canis f a m i l i a r i s  
B1 o o d  

Heal thy  
Pb-poisoned 

Big brown b a t ,  EDtesicus fuscus  
Whole, minus GI t r a c t  

and l a r g e  embryos 
Males 
Femal es 

Guano 
Stomach con ten t s  

Horse, Eauus cabal 1 us 
Near smel te r ,  B r i t i s h  Columbia 

Liver 
Kidney 
Bone 

Liver 
Kidney 
B1 ood 

Control a r e a s  
B1 ood 

Whole body 

Near Pb smelter (some d e a t h s ) ,  
Cal i fo rn i  a 

Bank vole ,  Clethrionomvs q l a r e o l u s  

(0.01 - 0.05) FW 
(0.06 - 0.15) FW 

NRCC 1973 

47 (20-90) FW 
32 (20-56) FW 
61 DW 
4 DW 

18 FW 
16 FW 
88 FW 

(15 - 222) FW 
(14 - 80) FW 
(0.4 - 0.5) FW 

(0.1 - 0.3) FW 

Near abandoned Pb mine (16 - 21) DW 
'% Control area (2  - 3) DW 

Chipmunk, Eutamias townsendi i 
Hair 

Roadside 1 oca t  i on 235 DW 
Control a r ea  6 DW 

P r a i r i e  vo le ,  Microtus ochroqas te r  
I l l i n o i s ,  whole body 

Near heavy t r a f f i c  8 DW 4 Control a r ea  3 DW ' Litt le brown b a t ,  Mvotis l uc i fuqus  
Who1 e 17 (11-29) FW 
Guano 65 DW 
Stomach con ten t s  26 FW 

Bats ,  Mvotis spp., Flor ida  1981-1983 
Guano (3 - 6) DW 

Clark  1979 

Burrows 1981 

Knight and 
Burau 1973 

Jenkins 1980 

Roberts e t  a l .  1978 

Raymond and . 

Forbes 1975 

Getz e t  a l .  1977b 

Clark 1979 

C l a r k  e t  a1 . 1986 
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Table 5. (Continued 
-~ 

b Reference 
, - -  

16 (6 - 37) DW Sileo and Beyer 1985 
9 (4  - 17) DW 
6 (3 - 11) DW 
2 (1 - 3) DW 

<2 OW 
Control area, 100 km from smelter 

8 ( 4  - 16) DW 
6 (3 - 11) DW 
2 (1 - 4)  OW 
0.8 (0.5 - 1) DW 

(0.4 DW 

Upstream from mine site 0.2 (Max. 0.3) FW Niethammer 
0.7 (Max 1.6) FW et al. 1985 

(0.2 FW Bunzl and 
4 . 5  FW Kracke 1984 
4 . 1  FW 

Grass 
Green 
01 d 

Other 

Carcass 

White-footed mouse, 
Peromvscus 1 eucoDus 

Near metal smelter 
Control site 

Bone 
Kidney 
Liver 
Brain 
Feces 

Bone 

Deer mice, Peromyscus maniculatus 
From high density traffic area 

From low density traffic area 

4 2  FW 
(33 FW 
(24 FW 

17 DW 
7 OW 

52 DW 
9 DW 
3 OW 
1 DW 

154 OW 

5 OW 

Beyer et al. 1985 

Mierau and 
Favara 1975 
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Table 5. (Continued) 

-A 
b Taxonomic group, organism, Concentrat i ona Reference 

4 t i ssue ,  and o the r  va r iab les  z- 92 
.+ -+ - ,? 

Kidney 
L i v e r  
B ra in  
Feces 

B r a i n  
L i v e r  
Kidney 
Bone 
H a i r  

Roadside l o c a t i o n s  

Cont ro l  areas -‘-h- B r a i n  
L i v e r  
Kidney 
Bone 
H a i r  

Dis tance f rom lead b a t t e r y  
I11 i n o i s ,  1982 

100 m 
r e c l  amat i on p l  an t  

L i v e r  
Kidney 
Bone 

1,000 m 
L i v e r  
Kidney 
Bone 

Whole, 1978-1979 
Near Cu-Zn mine 

Juven i 1 es 
Adu l ts  

Cont ro l  s i t e  
Juveni 1 es 
Adul ts  

Raccoon, Procvon 1 o t o r  

L i ve r ,  k idney 
Connect icut ,  Pb- in tox ica ted  

Commensal r a t ,  Rat tus norveqicus 
Houston, Texas, 1978-1979 

Urban 

3 DW 
1 DW 
0.1 DW 
7 DW 

(0.6 - 0.8) DW 
(0.9 - 3) DW 
(2 - 8) DW 
(14 - 52) DW 
235 DW 

0.1 DW 
1 DW 
3 DW 
5 DW 
6 DW 

4 FW 
13 FW 
79 FW 

1 FW 
3 FW 
2 FW 

4 FW 
5 FW 

0.5 FW 
0.7 FW 

>35 FW 

Jenkins 1980 

K i  sseberth 
e t  a l .  1984 

Smith and 
Rongstad i982 

D i t e r s  and 
N ie lsen 1978 1 
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Tab1 e 5. (Concluded) 
-c-- 

b Taxonomic group, organism, Concentrat i ona Reference 
tissue, and other variables - 

Bone 
Kidney 
Stomach contents 
Feces 

Bone 
Kidney 
Stomach con tents 
Feces 

Roadside mammal s , 1976 
Whole, minus GI tract 
and large embryos 
Short-tailed shrew 
Near hi g h way 
Distant site 

Meadow vole, 

Ne a r h i g h way 
Distant site 

_..- Near highway 
Distant site 

Near roadway 

Rural 

Microtus Dennsvlvanicus 

hi te-footed mouse 

Common shrew, 

Liver 
Kidney 
Bone 
Pelt 

Liver 
Kidney 
Bone 
Pelt 

- Sorex araneus, UK, 1979 

Control site 

125 FW 
9 FW 
31 FW 
72 FW 

8 FW 
3 FW 
3 FW 
8 FW 

Way and 
Schroder 1982 

26 (6 - 130) FW Clark 1979 
2 FW 

2 (0.2 - 5) FW 
(1.4 FW 

5 (0.4 - 41) FW 
1 (0.3 - 13) FW 

17 DW 
46 DW 
193 DW 
10 DW 

(1 DW 
9 DW 
41 DW 
3 DW 

Chmiel and 
Harrison 1981 

Concentrations are listed as mean, (minimum-maximum), and maximum (Max.). 

immediately follow for which no reference is indicated. 

a 

bEach reference applies to data in the same row and in the rows that 



Whitefish, Coregonus spp., from Pb-contaminated Swedish lakes, showed 
depressed blood ALAD and blood chemistry derangement when compared to fish 
from a reference lake--suggesting that Pb affects natural populations of fish 
in a manner similar to that observed in laboratory studies (Haux et al. 
1986) 

The significance of organolead residues in aquatic life is unknown, and 
merits additional research. In Ontario, Canada, about 16% of all fish sampled 
contained tetraal kyl lead compounds, a1 though none were recorded in water, 
vegetation, or sediments from the collection sites (Chau et al. 1980). 
Tetramethyllead reportedly was produced from biological and chemical 
methylation of several inorganic and organic Pb compounds in the aquatic 
environment, and has been detected at low concentrations in marine mussels, 
lobsters, and bony fishes (Wong et al. 1981). 

AMPHIBIANS AND REPTILES 

Tadpoles of bull frogs (Rana catesbei ana) and green frogs (E. cl ami tans) 
from drainages along highways with different daily average traffic volumes 
(4,272 to 108,800 vehicles per day) contained elevated amounts of Pb (up to 
270 mg/kg dry weight), which were positively correlated with Pb in sediments 
and with average daily traffic volume. Lead in tadpoles living near highways 
may contribute to the Pb levels reported in wildlife that eat tadpoles. Diets 
with amounts of Pb similar to those in tadpoles collected near heavily 
traveled highways have caused adverse physiological and reproductive effects 
in some species o f  birds and mammals (Birdsall et a1 . 1986). Elevated Pb 
concentrations also were recorded in various species of amphibians and 
reptiles collected near Pb smelters and mines (Table 5). 

BIRDS 

In general, Pb concentrations were highest in birds from urban locations 
(perhaps reflecting greater exposure to automotive and industrial 
contamination) and in birds near Pb mining and smelting facilities. Lead 
residues also are greatest in older birds (especially in bone, because of 
accumulation over time), in sexually mature females, and in waterfowl that 
have ingested Pb shot pellets (Table 5). 

Continued deposition of Pb shot by hunters into wetlands habitats exposes 
birds to lead. Lead shot is a substantial localized source of contamination, 
especially in prime waterfowl habitat (Bellrose 1951, 1959; NRCC 1973; White 
and Stendell 1977; Stendell et a1 . 1979; Wobeser 1981; Clausen et a1 . 1982; 
Longcore et al. 1982; Mudge 1983; Driver and Kendall 1984; Hall and Fisher 
1985). Several million hunters are estimated to deposit more than 6,000 
metric tons of Pb shot annually into lakes, marshes, and estuaries; this 
represents about 6,440 pellets per bird bagged. Shot densities as great as 
860,000 pellets/ha (2,124,000/acre) have been estimated in some locations 
(Wobeser 1981), a1 though concentrations of 34,000 to 140,00O/ha are more 
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(Longcore et a1 . 1982; Driver and' Kendall 1984). For example, Pb shot 
i n  bottom sediments from Merrymeeting Bay, Maine, a prime waterfowl staging 
area, averaged 99,932 shot/ha (274,00O/acre), and ranged from 59,541 to 
140,324/ha; shot were significantly more numerous in silt than in sand 
sediments. In general, shot sink more rapidly in soft than in firm 
substrates, and there is only slight carryover of shot from one season to the 
next in areas with silt or peat bottoms (Wobeser 1981). 

Waterfowl and other birds ingest spent shot during feeding and retain 
them as grit in the gizzard; the pellets are eroded and soluble Pb is absorbed 
from the digestive tract. In many species, the ingestion o f  a single pellet 
is often fatal. Most deaths, however, go unnoticed and unrecorded. Species 
such as the mallard and pintail that feed in shallow water by sifting through 
bottom mud are more likely to encounter shot than are species that feed on 
submerged vegetation or at the surface (Wobeser 1981). Ingested Pb shot was 
recorded in 6 of 10)duck species; the frequency was 8.1% in American black 
ducks sampled in Maine during the hunting seasons of 1976 through 1980 
(Longcore et a1 . 1982). In dry seasons, species that probe for food deep in 
the sediment are especially susceptible (Hall and Fisher 1985). In England, 
ingested pellets occurred in 3.2% of the total waterfowl in 16 species 
examined. Incidences of shot were relatively high (7.1% to 11.8%) in four 
species (Mudge 1983) : greyleg goose (Anser anser), gadwall (Anas strepera), 
pochard (Aythya ferina), and tufted duck (Aythya fuligula). At least 8,000 
mallards in Britain die each winter of Pb toxicosis from ingestion of spent 
shot (Mudge 1983). It is estimated that about 2.4 million ducks die worldwide 
of Pb shot poisoning each year--and this estimate does not include population 
losses resulting from the sublethal effects of Pb (Wobeser 1981). Among 
larger species of waterfowl, outbreaks of Pb poisoning have been documented in 
Canada geese, whistling swans (Cygnus columbianus), trumpeter swans, and mute 
swans (Eskildsen and Grandjean 1984). Lead-poisoned waterfowl tend to seek 
seclusion and often die in areas of heavy cover; these carcasses are rapidly 
removed by predators and scavengers, and may result in secondary Pb poisoning, 
especially among raptors such as the bald eagle (Feierabend and Myers 1984; 
Reichel et al. 1984). O f  293 bald eagles found dead nationwide between 1978 
and 1981, 17 (5.8%) probably died of Pb poisoning after ingesting 
hunter-killed or hunter-crippled waterfowl containing Pb pellets (Reichel et 
al. 1984). 

The relation between embedded shot and lead toxicosis is unclear. The 
incidence of embedded shot in various species of waterfowl ranged from 11% to 
43% in adults, and 2% to 11% in immatures (Perry and Artmann 1979; Perry and 
Geissler 1980). Many birds that were struck by shotgun pellets but survived 
may have died prematurely or been eaten by predators. In one study, the 
bodies of 23% of adult Atlantic brant (Branta bernicla hrota) that died from 
starvation in New Jersey in 1977 contained embedded.lead shot (Kirby et al. 
1983). The effects on survival and fecundity of receiving and carrying 
relatively high frequencies of embedded shot might be significant, and during 
years of low adult numbers might have substantial population consequences 
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(Kirby et a1 . 1983). 
Lead in seeds and invertebrates within rights-of-way of major highways 

)robably is not a hazard to adult ground-foraging songbirds, as judged from 
zxperiments with the European star1 ing (Sturnus vulgaris). However, the 
;ffects of Pb on survival of fledglings are unknown, although Pb causes 
reductions in blood hemoglobin, hematocrit, ALAD activity, and brain weight 
(Grue et al. 1986). In another study, Pb concentrations in feather, carcass, 
and stomach contents of adult and nestling barn swallows (Hirundo - rustica) 
vJere greater near a major U.S. highway than in a rural area; however, the 
number of eggs and nestlings, the body weight of nestlings at 17 days of age, 
and body weights of adults were similar in the two colonies, suggesting that 
contamination of roadsides with Pb from automobile emissions is not a major 
hazard to birds that feed on flying invertebrates (Grue et al. 1984). 

Signs of Pb poisoning, i.e., depressed blood ALAD activity or elevated 
blood Pb levels, were reported for birds near a metal smelter (Beyer et a1 , 
1985), in 17% o f  canvasbacks from Chesapeake Bay in 1974 (Dieter et al. 
1976), and in three species of waders from the Dutch Wadden Sea living in an 
urban postnuptial moulting area (Goede and de Voogt 1985). The decline in 
submerged aquatic vegetation in Chesapeake Bay and the later shift in diet of 
some waterfowl species of Chesapeake Bay from the vegetation (Pb content 2.2 . 
to 18.9 mg/kg dry weight), to the softshell clam arenaria (1.3 to 7.6 mg 
Pb/kg dry weight), or to other bivalve molluscs '-20.4 mg Pb/kg dry 
weight), probably did not increase dietary Pb burdens in these species (Di 
Guil io and Scanlon 1985). 

The significance of trace amounts of organolead residues in birds is 
unknown. Trial kyllead seems to concentrate in avian kidney, but contributes 
less than 5% of the total amount o f  Pb in kidneys (Johnson et al. 1982). 

MAMMALS 

The highest body burdens of Pb reported in mammals were near urban areas 
of dense vehicular traffic, near metal mines and smelters, or near plants that 
reclaimed storage batteries; concentrations were higher in older organisms, 
especially in bone and hematopoietic tissues (Table 5; Goldsmith and Scanlon 
1977; Way and Schroder 1982). A similar pattern of Pb occurrence and 
distribution was evident for human populations (Barth et al. 1973). 

Diet provides the major pathway for Pb exposure, and amounts in bone are 
indicative of estimated Pb exposure and metabolism (Chmiel and Harrison 
1981). Amounts of whole body Pb and feeding habits of roadside rodents were 
correlated: body burdens were highest in insectivores such as shrews; 
intermediate in herbivores, and lowest in granivores (Boggess 1977; Getz et 
al. 1977~). Food chain biomagnification of Pb, although uncommon i n  
terrestrial communities, may be important for carnivorous marine mammals, such 
as the California sea lion (Zalophus californianus); accumulations were 
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ighest in hard tissues, such as bone and teeth, and lowest in soft tissues, 
uch as fat and muscle (Braham 1973). A similar pattern was observed in the 
arbor seal, Phoca vitulina (Roberts et al. 1976). 

The most sensitive index of Pb intoxication in populations of deer mice 
as the formation of acid-fast-staining intranuclear inclusion bodies within 
roximal convoluted tubule cells of kidney; secondary indicators included 
,creased body weight, renal edema, reticulocytosis, increased urinary ALA 
xcret i on, and decreased hematocrit (Mi erau and Favara 1975). Mi erau and 
avera (1975) concluded that Pb pollution from automobile exhausts has had 
ittle impact on deer mice, and that severe Pb poisoning is unlikely at 
raffic densities below 200,000 vehicles per day. Others, however, believe 
hat Pb emissions from automotive exhausts may pose unnecessary risks to 
arious species of bats, rodents, and mule deer (Odocoileus hemionus). 
stimated doses of Pb ingested by the little brown bat (Myotis lucifugus) and 
ighway populations of shrews and voles equaled or exceeded dosages that have 
aused death or reproductive impairment in domestic animals; further, mean Pb 
oncentrations in bats and shrews near highways exceed those reported for 
mall rodents with Pb-induced renal abnormalities collected from abandoned 
b-mining sites (Clark 1979). Mule deer from the Rocky Mountain National 
ark, Colorado, that graze on (heavily contaminated) roadside forage must 
onsume 1.4% of their daily intake from roadsides before harmful amounts of Pb 
3 mg Pb/day) are obtained (Harrison and Dyer 1984); however, this value needs 
o be verified. 

Cows (& bovis) adjacent to a Pb battery reclamation plant showed signs 
f Pb t o x i c o s i s , m u d i n g  muscle tremors, blindness, dribbling urine, and 
rooling. Mice trapped within 400 m of the plant had acid-fast-staining 
ntranuclear inclusions in renal tubular epithelial cells--a useful diagnostic 
ndicator of Pb poisoning. A faulty air pollution control system at the plant 
aused deposition of particulate Pb on the cornfield used for cattle forage, 
nd was the probable source of the Pb toxicos4s in the animals (Kisseberth et 
1. 1984). Industrial airborne Pb pollution is responsible for contamination 
f cattle and horses (Equus caballus) within 1,000 m of the source, resulting 
n elevated blood Pb levels in both species, stillbirths and abortions in 
attle, and some deaths in horses (Edwards and Clay 1977). 

Proximity to the smokestacks of metal smelters is positively associated 
ith increased levels o f  Pb in the hair (manes) of horses and in tissues of 
nall mammals, and is consistent with the results of soil and vegetation 
nalyses (EPA 1972). Lead concentrations were comparatively high in the hair 
f older or chronically impaired horses (EPA 1972). However, tissues of 
hite-tailed deer (Odocoileus virginianus) collected near a zinc smelter did 
ot contain elevated levels o f  Pb (Sileo and Beyer 1985). Among small mammals 
ear a metal smelter, blood ALAD activity was reduced in the white-footed 
ouse but normal in others, e.g., the short-tailed shrew (Beyer et al. 1985). 
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No data were available on toxic or sublethal effects of Pb to reptiles 
nder controlled conditions. 

I RDS 

Lead poisoning resulting from the ingestion o f  Pb shotgun pellets has 
Zen recognized as a cause of waterfowl deaths since the late 1800's (Wetmore 
319; Bellrose 1959). More than a million ducks--especially mallards--and 
lese die annually from Pb shot poisoning (Clemens et al. 1975). The 
rincipal cause is the ingestion of spent shot by migrating birds feeding in 
lavily hunted areas. The pellets are retrieved from the marshy bottoms of 
$allow and deep water by waterfowl in search of feed and grit. Shot retained 
I the gizzard is solubilized by a combination of the powerful muscular 
finding action and the low pH (2.0 to 3.5) of gizzard contents. The released 
D is available for absorption, producing weakened birds whose reproductive 
Dilities are reduced and that may starve or fall prey to predators (Clemens 
t al. 1975). Absorbed lead causes a variety of effects leading to death, 
icluding damage to the nervous system, muscular paralysis, inhibition of heme 
ynthesis, and damage to kidneys and liver (Mudge 1983). Lead poisoning in 
aterfowl i s  a debilitating disease in which death follows exposure by an 
derage of 2 to 3 weeks (Friend 1985). During this time, affected birds lose 
sbility, tend to avoid other birds, and become increasingly susceptible to 
redation and other causes of mortality. Accordingly, acute large-scale 
ie-offs of Pb-poisoned waterfowl are uncommon (Friend 1985). 

le 
3 78 

hl 
iff 
ie 

The relation between incidence of Pb shot in waterfowl gizzards and 
iological effects varies widely, and i s  probably a function of shot 
dailability caused by differences in shooting intensity, size of pellets, 
dailability of grit, firmness of soil and sediments, and depth of surface 
ater (Street 1983). Also, Pb accumulations and the frequency o f  avian Pb 
sxicosis following ingestion of Pb shot are modified by the age and sex of 

bird, geographic location, habitat, and time of year (Finley and Dieter 
Mudge 1983; Srebocan and Rattner 1988). 

The effect o f  diet on vulnerability to Pb makes interpretation of 
shed information on experimental Pb poisoning in waterfowl extremely 
cult (Chasko et al. 1984). For example, many mallards on a diet of corn 
within 10 to 14 days after ingesting a single Pb shot, whereas similar 

irds on a balanced commercial duck ration appear outwardly normal after 
igesting as many as 32 pellets of the same size (Wobeser 1981). Also, 
Jltiple nutritional deficiencies may have additional effects in potentiating 
ie toxicity of Pb in mallards (Carlson and Nielsen 1985). 

Birds of prey may ingest Pb in the form of shot from dead or crippled 
ame animals, or as biologically incorporated Pb from Pb-poisoned waterfowl, 
nall roadside mammals, and invertebrates (Stendell 1980; Pattee 1984). Lead 
Disoning in carnivorous birds has been reported in various species of eagles, 
sndors, vu1 tures, and falcons, and most--if not all --cases seem to result 

73 



f 
666 9 

from i n g e s t i o n  o f  Pb shot i n  food i tems (Custer e t  a l .  1984). Some r a p t o r s  
i nges t  many shot i n  a sho r t  t ime. For example, the  stomach o f  a b a l d  eagle 
suspected of dy ing  from Pb po ison ing  conta ined 75 shot (Jacobson e t  a l .  
1977). Resul ts  o f  exper imental  Pb shot  po isoning o f  ba ld  eagles (Table 7) 
conf i rmed r e s u l t s  o f  nat ionwide mon i to r i ng  showing t h a t  5.4% o f  a l l  dead 
eagles found i n  1974-1975 d i e d  o f  Pb poisoning, as evidenced by l i v e r  Pb 
l e v e l s  o f  23 t o  38 mg/kg f r e s h  weight  (Pat tee  e t  a l .  1981). I n g e s t i o n  o f  
food con ta in ing  b i o l o g i c a l l y  incorpora ted  Pb, a1 though c o n t r i b u t i n g  t o  t h e  Pb 
burden o f  carn ivorous b i rds ,  i s  u n l i k e l y  i n  i t s e l f  t o  cause c l i n i c a l  Pb 
poisoning (Custer e t  a l .  1984). A s i m i l a r  case i s  made f o r  powdered Pb 
(Franson e t  a l .  1983), and forms of  Pb o t h e r  than shot (Table 7 ) ;  t he  s t rong 
i n d i c a t i o n  i s  t h a t  t h e  form i n  which Pb i s  ingested i s  c r u c i a l .  

Signs o f  Pb poisoning i n  b i r d s  have been ex tens i ve l y  documented (Be l l rose  
1951, 1959; Jordan and B e l l r o s e  1951; Clemens e t  a l .  1975; Forbes and 
Sanderson 1978; Hunter and Wobeser 1980; Pat tee e t  a l .  1981; Wobeser 1981; 
Franson and Custer 1982; Johnson e t  a l .  1982; Eas t in  e t  a l .  1983; Kendal l  and 
Scanlon 1983; S t r e e t  1983; D i  G i u l i o  and Scanlon 1984; F imre i te  1984; Gjers tad  
and Hanssen 1984; Hudson e t  a l .  1984; Anderson and Havera 1985; Burger and 
Gochfeld 1985; Carlson and N ie lsen 1985; Fr iend 1985; Hoffman e t  a l .  1985a; 
Lumei j  1985; Beyer e t  a l .  1988). Outwardly, Pb-poisoned b i r d s  show the  . 

f o l l o w i n g  signs: l o s s  o f  appe t i t e ,  l e tha rgy ,  weakness, emaciation, tremors, 
drooped wings, green l i q u i d  feces, and impaired locomotion, balance, and depth 
percept ion.  I n t e r n a l l y ,  Pb-poisoned b i r d s  show microscopic l e s i o n s  o f  the  
p r o v e n t r i c u l a r  ep i the l ium,  pec to ra l  muscles, b ra in ,  prox imal  t u b u l a r  
e p i t h e l i u m  o f  t h e  kidney, and bone medul lary  osteocytes;  an enlarged 
b i l e - f i l l e d  g a l l  b ladder;  anemia; e leva ted  pro toporphyr in  I X  l e v e l s  i n  blood; 
decreased ALAD a c t i v i t y  l e v e l s  i n  blood, b ra in ,  and l i v e r ;  reduced b r a i n  
weight;  abnormal s k e l e t a l  development; cephal i c  edema; and esophageal 
impact ion.  Postmortem examinat ion o f  Pb-poi soned b i r d s  may show edematous 
lungs; serous f l u i d  i n  t h e  p l e u r a l  c a v i t y ;  b i l e  r e g u r g i t a t i o n ;  abnormal 
g i zza rd  l i n i n g ;  a u s u a l l y  pa le,  emaciated, and dehydrated carcass; and 
e leva ted  Pb l e v e l s  i n  l i v e r  (>2 mg/kg f r e s h  weight, >10 mg/kg d r y  weight) ,  
k idney (>6 mg/kg d r y  weight ) ,  and b lood (>  0.2 mg/l). 

Tox ic  and sub le tha l  e f f e c t s  o f  Pb and i t s  compounds on b i r d s  h e l d  under 
c o n t r o l l e d  cond i t i ons  vary w ide ly  w i t h  species, w i t h  age and sex, and w i t h  
form and dose o f  administered Pb (Table 7). Several genera l i za t i ons  are 
poss ib le :  decreased blood ALAD and increased pro toporphyr in  I X  a c t i v i t y  
l e v e l s  are useful  e a r l y  i n d i c a t o r s  o f  Pb exposure; Pb shot and c e r t a i n  
organolead compounds are the  most t o x i c  forms o f  Pb; n e s t l i n g s  are  more 
s e n s i t i v e  than o l d e r  stages; and t i s s u e  Pb concentrat ions and pathology both 
increase i n  b i r d s  g iven mu l t i p le 'doses  over  extended per iods (Table 7) .  
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Table 7 .  Lethal and sub le tha l  e f f e c t s  o f  l ead  t o  s e l e c t e d  spec ie s  
of b i r d s .  

Species ,  r o u t e  o f  admin i s t r a t ion ,  E f f e c t s  
dose,  and o t h e r  v a r i a b l e s  

Ref e r encea 

Northern p i n t a i l ,  Anas acu ta  

S ing le  o r a l  dose o f  
2 No. 5 pell.ets 

Mal 1 a rd ,  Anas p l  atvrhvnchos 

S ing le  o r a l  dose o f  
1 No. 4 sho t  (1 .4  g )  

S i n g l e  o r a l  dose 

1 No. 6 s h o t  (1 .0  g )  
1 No. 4 sho t  (1 .6  g )  
2 No. 6 sho t  (2.0 g )  
4 No. 6 sho t  (4.0 g) 
6 No. 6 s h o t  (6.0 g )  
8 No 6 sho t  (8.0 g )  

S i n g l e  oral dose o f  
1 No. 4 shot (205 mg), 
equal t o  151 mg/kg 
body weight (BW) 

S i n g l e  o r a l ' d o s e  of  
1 No. 4 Pb s h o t  
(200 mg) 

S ing le  o r a l  dose o f  1 
sho t  (200 mg) 

No d i f f e r e n c e  f rom 
con t ro l  group i n  band 
recovery r a t e  from hunter k i l l  s. 1 

Some dea ths .  Residues 
(mg/kg f r e s h  weight )  
>3 i n  b r a i n ,  >IO i n  
c l o t t e d  h e a r t  blood,  
>6 i n  kidney, and u p  
t o  20 i n  l iver.  2 

M o r t a l i t y  9% i n  20 days.  
M o r t a l i t y  19% i n  20 days.  
M o r t a l i t y  23% i n  20 days.  
Mortal i t y  36% i n  20 days.  
M o r t a l i t y  50% i n  20 days .  
M o r t a l i t y  100% i n  20 days.  

3 
3 
3 
3 
3 
3 

Some d e a t h s ;  blood 
ALAD a c t i v i t y  depressed  
30% a f t e r  3 months, 
15% a f t e r  4 months. - 4  

Residues (mg/kg d r y  weight 
femur) 488 i n  l ay ing  hen, 
114 i n  nonlaying hen ,  and 9 
i n  drake .  5 

A f t e r  30 days ,  r e s i d u e s  
(mg/kg fresh weight)  1 .0  i n  
blood, 2 .5  i n  l i ve r ,  and 0 . 5  
i n  brain. Decrease i n  ALAD 
a c t i v i t y  i n  blood and 
cerebel lum. 6 

I 
I 
I 

I 
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Table 7. (Continued) 

Species, route of administration, Effects 
dose, and other variables 

Referencea 

Single oral dose of 
shot 

Single oral dose of 
tetraethyl 1 ead 

Fed diets containing 
25 mg Pb/kg, as lead 
nitrate, for 12 weeks 

Fed diets 
containing+ 
100 mg Pb /kg 

Fed diets containing 
metallic Pb for 42 days 

100 mg/kg diet dry weight 

Dosed birds recaptured in 
significantly greater numbers 
than control s. 

LD-50 o f  107 mg/kg BW. 
Signs of intoxication included 
excessive drinking , regur- 
g i tat i on, hypoact i vi ty, 
muscular incoordination, 
fluffed feathers, eye1 id 
drooping, tremors, and 
loss o f  appetite. Regur- 
gitation within 7 minutes, 
other signs as soon as 
20 minutes, and death 
usually between 1 and 4 
days posttreatment. 
Remission took up to 8 
days. 

No deaths; no pathology; no 
significant accumulations of 
Pb in liver, kidney, or bone; 
no changes in hemoglobin or 
hematocri t ; decrease in blood 
ALAD activity, and increase in 
blood Pb levels--both returned 
to normal within 3 weeks on Pb- 
free diet. 

Elevated levels in bone (9.6 mg/kg 
fresh weight vs. 0.7 in controls) 
and egg (1.3 vs. 0.9 in controls). 

Elevated Pb levels (mg/kg dry 
weight) in kidney (23) liver 
( 7 ) ,  and bone (5). 
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Table 7. (Continued) 

Species, route of administration, Effects 
dose, and other variables 

Referencea 

10 mg/kg diet Residues (mg/kg dry weight) of 4 in 
kidney (vs. <0.5 in controls), 0 .7  
in liver (vs. t0.5 in controls), and 
0.8 in bone (vs. 0.9 in controls). 10 

Ducks, Anas spp. 

Single oral dose o f  
2 shot (254 mg) or 
5 shot (635 mg) 

Birds 

Dietary route, 1 1  species, 
diagnosed as Pb-poi soned 

Lethal dietary 
administration of lead 
acetate, 6 species 

Weight loss, emaciation, elevated 
Pb concentrations in bone, some 
deaths. American black duck, 
- Anas rubripes, more sensitive 
than mal 1 ards. 11 

All had inclusions in proximal 
convoluted tubules of kidney; 
liver Pb residues ranged from 
3.1 to 15 mg/kg fresh weight. 12 

Before death, birds were 
emaciated and showed increases 
in blood protoporphyrin and 
decreases in ALAD; renal intra- 
nuclear inclusion bodies were 
present in 83% of all birds that 
died from Pb poisoning. Median 
Pb concentrations (mg/kg fresh 
weight) ranged in the liver from 
20 in male red-winged blackbirds 
(Aqelaius Dhoeniceus) to 1 1 1  
in female northern bobwhites 
(Colinus virqinianus) , and in 
the kidney from 22 mg/kg in the 
blackbird to 190 in the bobwhite. 13 
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Tab1 e 7. (Continued) 

Species, route of administration, Effects 
dose, and other variables 

- 

Reference' 

Rock dove, Columba livia 

Intragastric administration 
o f  6.25 mg Pb (as lead 
acetate)/kg BW daily for 
64 weeks 

Anemia, elevation in erythrocyte 
porphyrin, kidney pathology; 
residues (mg/kg fresh weight) 
of 603 in kidney, 501 in bone, 
8 in liver, 2 in brain, 4.4 in 
blood, 0.8 in sciatic nerve, 
and 0.1 in crop. 

Intubation of 6.25 mg 
Pb (as lead acetate)/ 
kg BW, chronic exposure 

Interfered with four-step 
learning sequence; elevated 
blood Pb levels remained for 
5 weeks after Pb exposure. 

Japanese quail, Coturnix ,iaDonica 

Single oral dose of 
tetraethyl lead 

CD-50 of 24.6 mg/kg BW. 

Fed diets containing different 
forms o f  Pb for 5 days 

5,000 mg metallic Pb/kg No effect on survival or food 
consumption. 

5,000 mg Pb (as lead 
ni trate)/kg 

No overt signs o f  toxicity. 

5,000 mg Pb (as lead No overt signs of toxicity. 
su bace t a te C4H1 o08Pb3)/ kg 

2,76l/mg Pb (as LO-50. 
lead arsenate)/kg 

Prairie falcon, Falco mexicanus 

Fed shotgun-killed Death, preceded by vomit i ng , 
pheasants and ducks ataxia, blindness, and 

i 
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Tab1 e 7. (Continued) 

c 

Effects Refer encea p pecies, route of administration, 

ose and other vari ab1 es 

nerican kestrel, Falco 
parveri US 

Fed mal 1 ard homogenate 
containing 16 to 87 
(biologically incorporated) 
mg Pb/kg fresh weight for 
60 days. 

Oral administration of 
1 No.9 shot daily for 
60 days 

Fed contrpi diet containing 
0.4 mg Pb /kg fresh weight 

Fed diets containing 50 mg 
metallic Pb powder/kg for 
at least 5 months 

As above, except diet 
contained 10 mg/kg 

Fed diets containing 
metallic Pb powder for 
6 months 

50 mg Pb/kg diet 

convulsions. Lead shot 
recovered from stomach ; 
residues (mg/kg dry 
weight) of 57 in liver 
and 78 in kidney. 

Residues of 0.4 mg/kg 
fresh weight in liver 
and 7.6 mg/kg dry weight 
in bone. 

Residues (mg/kg fresh 
weight) of 0.4 in liver 
and 28.7 in bone. 

Residues of 0.1 mg/kg fresh 
weight in liver and 4.2 mg/ 
kg dry weight in bone. 

Blood ALAD reduced 80%; 
liver residues of 1.3 to 
2.4 mg/kg dry weight; no 
effects on blood chemistry. 

No measurable effects. 

No adverse effects on survival, ' 

egg laying, fertility, or 
eggshell thickness. Elevated 
residues (mg/kg dry weight) in 
humerus (13), tibia (62), and 
1 iver (2). 
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Table 7. (Continued) 

Species, route of administration, Effects Referencea 
dose, and other variables 

10 mg Pb/kg diet Elevated Pb in bone (4 to 9 mg/kg 
dry weight vs. t0.8 in 
controls) and in liver (3 
vs. (0.5 in controls). 

Nest1 ings dosed orally 
with metallic Pb powder 
daily for 10 days 

625 mg/kg BW 

125 mg/kg BW 

25 mg/kg BW 

Fed 60 days with homogenized 
cockerel s (Gal 1 us sp. ) 
containing up to 448 mg 
(bi 01 ogi call y i ncor- 
porated) Pb/kg dry 
weight 

Mortality (40% in 6 days); ' 

reduced growth; reduced kidney 
and liver weight; abnormal 
s kel eta1 development ; ALAD 
depression in all tissues 
examined; elevated burdens 
(mg/kg fresh weight) in 
kidney (15 ) ,  liver (6), 
and brain (3).  

Reduced growth, reduced brain 
weight, abnormal skeletal 
development, ALAD depress ions 
in hematopoietic tissues, 
elevated burdens (mg/kg 
fresh weight) in kidney (7), 
and liver (4). 

ALAO depression in all tissues 
examined; burdens (mg/kg fresh 
weight) elevated in kidney (3) 
and in liver 1.4). 

No effect on survival, growth, 
hemoglobin, hematocrit, and 
erythrocyte number. Elevated 
burdens' in kidney, liver, 
femur, brain, and blood. 

ao 

20 

21 

21 

2 1  

22 



Table 7. (Continued) 

ecies, route of administration, Effects Referencea 
se, and other variables 

icken, Gallus S p .  

Fed diets containing 1,850 mg No deaths or severe clinical 
Pb/kg, as lead acetate, for 4 hematological effects; growth 
weeks rate suppressed 47%, blood Pb 

residues 3.2 to 8.3 mg/l. 

Id eagle, Hal iaeetus 
ucocephal us 

Oral administration of 
10 No. 4 shot (2,000 mg) 

Eagles dying 10 to 
133 days posttreatment 

Eagle sacrificed at day 
133 posttreatment (bird 
went bl i nd) 

Controls 

illow ptarmigan, Laqopus 
aqows 

Single oral dose 

1 No.6 shot (100 mg) 

Residue levels (mg/kg dry 
weight) 0.9 in muscle, 1.4 
in brain, 6 in kidney, 10 
in tibia, 10.3 in humerus, 10.4 
in femur, and 16.6 in liver. 
Loss in body weight 16% to 23% 
at death. 

Residue levels (mg/kg dry 
weight) t0.1 in muscle, 
2.1 in brain, 3.2 in kidney, 
3.4 in liver, and 12.2 to 13.8 
in bone. 

Residue levels (mg/kg dry 
weight) (0.1 muscle, 0.1 in 
brain, 0.4 in liver, 0.5 in 
kidney, and 4.5 to 6.6 in bone. 

Weight loss of 12% in 15 days; 
residues of 3.3 mg/kg fresh 
weight in liver, '56 mg/kg 
dry weight in tibia. 
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Table 7. (Continued) 

Species, route of administration, Effects 
dose, and other variables 

- 
Referencea 

3 No.6 shot (300 mg) Some deaths between days 8 and 
15 posttreatment, reduced food 
intake, weight loss, lethargy, 
diarrhea; residues of 7.3 mg/kg 
fresh weight liver, 139 dry 
weight tibia. 

6 No. 6 shot (600 mg) I f  shot retained in gizzard, 
death resulted; residues (mg/kg) 
72 fresh weight in liver, 
154 dry weight in tibia. 

Controls Residues (mg/kg) 0.1 fresh 
weight in liver, 5 dry 
weight in tibia. 

Raptors, 4 spp. 

Fed rock doves (Columba Death preceded by weight loss, 
1 ivia) and brown hares convulsions, and inability to fly. 
(Lepus europaeus) containing 
Pb shot for 3 weeks to 6 
months liver, and 34 to 221 in kidney. 

Residues (mg/kg dry weight) 
at death ranged from 57 to 175 in 

Common tern, Sterna hi rundo 

Sieale injection of 200 mg 
Pb (locomotion, balance, 

Adverse effects on behavior 

r’ight i ng response, feeding 
tasks, behavioral therm00 
regul at i on) ; most apparent 
within 5 days postinjection. 

Ringed turtle-dove, Streptopel ia 
risoria 

S 
2 
ingle oral dose o f  ’ Blood Pb (mg/l) 4.69 at 
pellets (220 mg) 24 hours, and 0.14 at 14 days 

(vs. control values of 0.004 
to 0.012 mg/1); blood ALAD 
depressed from 24 hours 
through 14 days. 

25,26 . 

25,26 

25,26 

27 

28 

29 
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Table 7. (Continued) 

1 Species, route of administration, Effects 
dose, and other variables 

Referencea 

Single oral dose of 
4 shot  (440 mg) 

Single oral dose o f  
4 shot (440 mg) 

Single oral dose of 
4 shot (488 mg) 

Single oral dose of 
75 mg Pb/kg BW, as 
lead acetate 

Intubation with 75 mg 
Pb (as lead acetate)/kg 
BW daily for 7 days 

Controls 

Drinking yater with 
100 ug Pb /1 for 2 
weeks before pairing, 
and throughout a 
breed i ng cycl e 

Mortality 81% at 6 OC in 7 days; 
nil at 21 C in 9 days--but 
some with seizures and kidney 
histopathology. No spermatozoa 
in seminiferous tubules. Lead 
residues elevated in bone, liver, 
and brain in both groups, but 
more elevated in cold-stressed 
group. 30,31 

Testisular damage in adults held 
at 6 C or 21 C; mortality higher 
in cold-stressed group. 32 

Some deaths. Intranuclear inclusion 
bodies in cells of kidney proximal 
convoluted tubules. 12 

Some deaths; kidney damage. 12 

Residues, (mg/kg dry weight) 
457 in kidney, 29 in liver, 
and 12.4 in brain; seizures; 
depressed blood ALA0 activity; 
blood Pb concentration 311 ug/l. 33 

Concentrations (mg/kg dry weight) 
8.2 in kidney, 3.0  in brain, 1.2 
in liver; blood Pb concentration 

Reduction in testes weight and 
spermatozoa number. No effect 
on egg product ion or fert i 1 i ty . 
Bone Pb levels higher than 
controls especially in females. 
Significantly higher Pb 
concentrations in bone, 1 iver, 

18 ug/l. 33 
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Table 7. (Continued) 

Species, route of administration, Effects Referencea 
dose, and other variables 

European star1 ing, Sturnus 
vu1 sari s 

Oral admi n i strati on (capsul e) 
of triethyllead chloride at 
2,000 ug daily (28 mg/kg BW) 
for 11 days, or until death 

As. above, but dose was 
200 ug daily (2.8 mg/kg BW) 

Oral admini stration (capsule) 
of trimethyllead chloride at 
2,000 ug daily (28 mg/kg BW) 
for 11 days, or until death 

As above, but dose was 
200 ug daily (2.8 mg/kg 
BW 1 

and feather in progeny of Pb- 
treated parents than in controls. 

Mortality 100% by day 6. 
Dying birds showed decreased 
respiration, squatting, fl uffed 
feathers, and abnormal head posture. 
Average residues (mg/kg fresh 
weight) 6.0 in bone, 7.3 
in brain 19.9 in kidney, 20.0 
in muscle, and 40.2 in liver. 

No deaths, reduced food 
consumption. . All tissue 
residues t2.0 mg/kg 
fresh weight (vs. (0.1 
in control s) . 
Mortality 100% by day 6. 
Signs included impaired 
balance, tremors, fluffed 
feathers, uncoordinated 
feed i ng movements , weight 
loss, inability to fly. 
Residues (mg/kg fresh 
weight) averaged 4.3 in 
bone, 11.0 in muscle, 16.7 
in brain, 30.2 in kidney, 
and 82.4 i n  liver. 

No deaths, survivors hyperactive. 
Average tissue residues (mg/kg 
fresh weight) 0.4 in bone, 
3 .1  in muscle, 3.5 in brain, 3.7 
in liver, and 5.4 in kidney. 

, 84 
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Tab1 e 7. (Concluded) 

Species, route of administration, Effects Referencea 
dose, and other variables 

Mourning dove, Zenaida macroura 
- 

Single oral dose 
kc 

1 Mortality 24% i n  4 weeks; 
3, normal courtship and reproductive 
f ac t iv i t i e s ,  bu t  egg hatching 

significantly reduced; Pb I 
residues elevated i n  kidney, i. 
l iver ,  and bone. 

1 No.8 shot (72 mg) 

36 

2 No.8 shot (144 mg) 

4 No.8 shot (288 mg) 

Mortality 60% in 4 weeks. 

Mortality 52% in 4 weeks. 

36 

36 

Single oral dose o f  
4 No. 8 shot 

4 days posttreatment Residues (mg/kg dry weight) 
345 t o  639 in kidney and 
58 t o  215 i n  l i v e r  (vs. (12 i n  
controls) . 37 

8 days posttreatment Residues (mg/kg dry weight) 
1,279 t o  1,901 in kidney and 
179 t o  267 in l i ve r .  37 

aReferences: 1, Deuel 1985; 2, Longcore e t  a l .  1974a; 3, Longcore e t  a l .  
1974b; 4, Dieter and Finley 1978; 5, Finley and Dieter 1978; 6, Dieter and 
Finley 1979; 7, Bellrose 1951; 7a, Hudson e t  a l .  1984; 8, Finley e t  a l .  1976; 
9, Haegele e t  a l .  1974; 10, Di Giulio and Scanlon 1984; 11, Chasko e t  a l .  
1984; 12, Kendall and Scanlon 1985; 13, Beyer e t  a l .  1988; 14, Anders e t  a l .  
1982; 15, Dietz e t  a l .  1979; 16, Hill and Camardese 1986; 17, Redig e t  a l .  
1980; 18, Stendell  1980; 19, Franson e t  a l .  1983; 20, Pattee 1984; 21, Hoffman 
e t  a l .  1984a,b; 22, Custer e t  a l .  1984; 23, Franson and Custer 1982; 24, 
Pattee e t  a l .  1981; 25, Gjerstad and Hanssen 1984; 26, Fimreite 1984; 27, 
Macdonald e t  a l .  1983; 28, Burger and Gochfeld 1985; 29, Kendall e t  a l .  1982; 
30, Kendall e t  a l .  1981; 31, Kendall and Scanlon 1984; 32, Veit e t  a l .  1983; 
33, Kendall and Scanlon 1982; 34, Kendall and Scanlon 1981; 35, Osborn e t  a1 . 
1983; 36, Buerger e t  a l .  1986; 37, Kendall and Scanlon 1983. 

85 



1 T r i a l k y l l e a d  s a l t s  a r e  10 t o  l O O X  more t o x i c  t o  b i r d s  than a r e  inorgan ic  
Pb s a l t s ;  t h e y  tend t o  accumulate i n  l i p o p h i l i c  s o f t  t i s s u e s  i n  t h e  y o l k  and 
deve lop ing  embryo, and have h i g h  p o t e n t i a l  as n e u r o t o x i c a n t s  ( F o r s y t h  e t  a]. 

Some 
a l k y l l e a d  compounds have been i m p l i c a t e d  i n  b i r d  k i l l s .  I n  autumn 1979, about 
2,400 b i r d s  o f  many species were found dead o r  d i s a b l e d  on t h e  Mersey estuary,  
England, an impor tan t  water fowl  and marsh b i r d  w i n t e r i n g  area; s m a l l e r  k i l l s  
were observed i n  1980 and 1981 ( B u l l  e t  a1 . 1983). A f f e c t e d  b i r d s  contained 
e l e v a t e d  Pb c o n c e n t r a t i o n s  i n  l i v e r  (>7.5 mg/kg f r e s h  w e i g h t ) ,  m o s t l y  as 
organol  ead. B u l l  e t  a1 . (1983) suggested t h a t  tri a1 kyl l e a d  compounds were 
d ischarged f r o m  a pet rochemical  f a c t o r y  p roduc ing  a1 k y l l e a d s ,  i n t o  t h e  estuary 
where t h e y  were accumulated (up t o  1.0 mg/kg f resh  we igh t )  by clams (Macoma 
b a l t h i c a )  B i r d s  dosed 
e x p e r i m e n t a l l y  w i t h  t r i a l  k y l l e a d  compounds d i e d  w i t h  t h e  same and 
i n t e r n a l  s i g n s  found i n  Mersey c a s u a l t i e s ;  t i s s u e  l e v e l s  of  t r i a l k y l l e a d  were 
s i m i l a r  i n  t h e  two groups o f  b i r d s  (Osborn e t  a l .  1983). S u b l e t h a l  e f f e c t s  
t h a t  m i g h t  i n f l u e n c e  s u r v i v a l  i n  t h e  w i l d  were found i n  b o t h  s u b l e t h a l l y  dosed 
and a p p a r e n t l y  heal  thy w i  I d  b i r d s  when t i s s u e  1 eve1 s o f  tri a1 k y l l  ead compounds 
were matched i n  t h e  two groups o f  b i r d s .  It was concluded t h a t  t r i a l k y l l e a d  
compounds were t h e  main cause o f  the  observed m o r t a l i t i e s  and t h a t  many 
a p p a r e n t l y  h e a l t h y  b i r d s  were s t i l l  a t  r i s k  (Osborn e t  a l .  1983). 

. 1985) ; a c c o r d i n g l y  more research i s  needed on a1 k y l l e a d  t o x i c o k i n e t i c s .  

and o t h e r  i n v e r t e b r a t e s  on which t h e  b i r d s  c o u l d  feed. 
b e h a v i o r a l  

,- N e s t l i n g s  of  a l t r i c i a l  species ( those c o n f i n e d  t o  t h e  n e s t  f o r  some t ime 
a f t e r  ha tch)  may be cons iderab ly  more s e n s i t i v e  t o  Pb exposure than adu l ts ,  
and a l s o  more s e n s i t i v e  than h a t c h l i n g s  o f  many p r e c o c i a l  spec ies (Hoffman e t  
a l .  1985a). H a t c h l i n g s  o f  p r e c o c i a l  species,  i n c l u d i n g  chickens, Japanese 
q u a i l  ( C o t u r n i x  c o t u r n i x ) ,  mal lards,  and pheasants, a r e  r e l a t i v e l y  t o l e r a n t  t o  
moderate Pb exposure, i . e . ,  t h e r e  was no e f f e c t  on growth a t  d i e t a r y  l e v e l s  of  

-,500 mg Pb/kg, o r  s u r v i v a l  a t  2,000 mg Pb/kg (Hoffman e t  a l .  1985a,b). 

Some species o f  domest ic b i rds  a r e  r e s i s t a n t  t o  Pb t o x i c o s i s .  f o r  
example, b l o o d  Pb l e v e l s  o f  3.2 t o  3.8 mg/l i n  Pb-st ressed c o c k e r e l s  (Ga l lus  
sp.) were much h i g h e r  than res idues considered d i a g n o s t i c  f o r  Pb p o i s o n i n g  i n  
most domest ic  mammals, except swine--which t o l e r a t e d  up t o  143 mg Pb/l b lood 
(Franson and Custer  1982). 

MAMMALS 

Three s tages o f  recogn izab le  Pb po ison ing ,  o r  plumbism, have been 
r e p o r t e d  i n  humans (NRCC 1973): (1) m i l d  o r  severe d y s f u n c t i o n  o f  t h e  
a l i m e n t a r y  t r a c t  as shown by l o s s  o f  a p p e t i t e ,  c o n s t i p a t i o n ,  abdominal cramps, 
headaches, genera l  weakness, and f a t i g u e ;  (2 )  a t rophy  o f  forearm extensor  
muscles, o r  p a r a l y s i s  o f  these muscles and more s t r i k i n g  at rophy;  and (3) l e a d  
encephalopathy,  which occurs f r e q u e n t l y  i n  Pb-poi  soned i n f a n t s  and young 
c h i l d r e n ,  b u t  o n l y  ra re ly  i n  i n d u s t r i a l  workers.  I n  genera l ,  people w i t h  
h e p a t i t i s ,  anemia, and nervous d i s o r d e r s  were more s u s c e p t i b l e  t o  Pb po ison ing  
( B a r t h  e t  a l .  1973). The t r a n s f e r  o f  Pb across t h e  human p l a c e n t a  and i t s  
p o t e n t i a l  t h r e a t  t o  t h e  fe tus have been recogn ized f o r  more than 100 years;  
women o c c u p a t i o n a l l y  exposed t o  Pb showed a c o m p a r a t i v e l y  h i g h  a b o r t i o n  r a t e  
(Tachon e t  a l .  1983). S e n s i t i v i t y  o f  the  b r a i n  t o  t h e  t o x i c  e f f e c t s  o f  Pb i s  

86 



considerably greater in the fetus than in the infant or young child (EPA 
, 1980). Lead is not considered carcinogenic to humans (Tsuchiya 1979). 
However, reports of chromosomal aberrations in human blood lymphocytes (8arth 
et al. 1973) suggested that Pb is a probable mutagen. 

Signs of plumbism in domestic and laboratory animals (data on feral 
mammals are noticeably lacking), which are similar to those in humans, have 
been well documented (Barth et al. 1973; NRCC 1973; Mierau and Favara 1975; 
DavieS et al. 1976; Roberts et al. 1976; Forbes and Sanderson 1978; Nriagu 
1978b; Osweiler and Van Gelder 1978; Tsuchiya 1979; Ward and Brooks 1979; EPA 
1980; Mahaffey et al. 1980; Hamir 1981; Harrison and Laxen 1981; Burrows and 
Borchard 1982; Demayo et al. 1982; Hamir et al. 1982; Mykkanen et al. 1982; 
Tachon et al. 1983; Gietzen and Wooley 1984; Berglind et al. 1985; Table 8 ) .  
There is general agreement on several details: significant differences occur 
between species in response to Pb insult; effects of lead are more pronounced 
with organol ead than inorganic lead compounds; younger developmental stages 
are the most sensitive; and the effects are exacerbated by elevated 
temperatures, and by diets deficient in minerals, fats, and proteins. 
Tetramethyllead, for example, is about 7 X  more toxic than tetraethyllead to<- 
animals, and both compounds showed toxic effects earlier than did inorganic Pb 
compounds. In severe cases, death is usually preceded by impairment of normal 
functions of the central nervous system, the gastrointestinal tract, and the 
muscular and hematopoietic systems. Signs include vomiting, lassitude, loss 
of appetite, uncoordinated body movements, convulsions, stupor, and coma. In 
nonfatal cases, signs may include depression, anorexia, colic, disturbed sleep 
patterns, diarrhea, anemia, visual impairment, blindness, susceptibility to 
bacterial infections, excessive salivation, eye blinking, renal malfunction, 
peripheral nerve diseases affecting the motor nerves of the extremities, 
reduced growth, reduced 1 ife span, abnormal social behavior, and learning 
impairment. Lead crosses the placenta and is passed in milk, producing early 
intoxication of the fetus during pregnancy and the newborn during lactation. 
High Pb doses in mammals induce abortion, reduce or terminate pregnancy, or 
can result in stillbirths or an increase in skeletal malformations. These 
signs, together with Pb levels in blood and tissues and histopathological 
examination, are used to diagnose Pb poisoning. 

Lead adversely affected the survival of sensitive mammals tested at 
different concentrations (Table 8) :  5 to 108 mg Pb/kg BW in rats (acute oral), 

\--0..3~~mg4~/_kg~W~a~ly~n~dogs./(chronic oral), and 1.7 mg Pb/kg diet in horses \ 
(chronic dietary). Adverse sublethal effects (Table 8) were noted in monkeys 
given 0.1 mg Pb/kg BW daily (impaired learning 2 years postadministration) or 
fed diets containing 0.5 mg Pb/kg (abnormal social behavior); in rabbits given \ >0.005 mg Pb/kg BW (reduced blood ALAD activity) or 0.03 mg Pb/kg BW (elevated 
blood Pb levels); in mice at 0.05 mg Pb/kg BW (reduced ALAD activity); or in,/’ 
sheep at 0.05 mg Pb/kg BW (tissue accumulations). 

n 

\ 
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Table 8. Lethal and sub le tha l  effects  o f  l e a d  t o  s e l e c t e d  spec ie s  of  
mammal s .  

Species ,  dose,  and Effects Ref erencea 
o t h e r  v a r i a b l e s  

- 
C a t t l e ,  cows, spp. 

Tissue  Pb (mg/kg fresh weight) 
0.81 i n  blood, 26.4 i n  l i v e r ,  
50.3 i n  kidney, and 400 i n  
rumen con ten t s  

Calves given 2.7 mg Pb/kg body 
weight (BW), as Pb a c e t a t e ,  
for  20 days; milk d i e t  

Calves given 3.0 toA 5 mg 
Pb/kg BW d a i l y  f o r 4  i 3  m nths; 
g r a i n  and hay d i e t  

Calves given 5 mg Pb/kg BW, 
a s  Pb a c e t a t e ,  f o r  7 days;  
g r a i n  and hay d i e t  

Calves given 5 mg Pb/kg BW, 
a s  Pb a c e t a t e ,  f o r  7 days;  
m i l k  d i e t  

Calves given 5 mg Pb/kg 
BW d a i l y  f o r ' 1 0  t o  20 days 

Calves given forage  'containing 
5 t o  6 mg Pb/kg 

Calves given 5 t o  6 mg 
Pb/kg BW d a i l y  for 3 y e a r s  

Adults  given d mg Pb/kg 
BW d a i l y  f o r  3 y e a r s  

Calves given 6 t o  7 mg 
Pb/kg BW d a i l y  f o r  2 months 

I I. 

Signs o f  c l i n i c a l  Pb' t o x i c o s i s  
observed. 

Death. 

No e f f e c t .  

Appeared normal. 

Signs of  Pb poisoning;  some 
dea ths .  

B1 indness ,  16% mor ta l i t y .  

Fa ta l  i n  2 months. 

aa 

1 

2 

. . 
I' 2 i u 

3 

394 

4 

1 

2 

5 

2 

Chronic t o x i c i t y .  

No dea ths .  

Fa t a l .  



Table 8. (Cont inued) 

;pecies, dose, and 
I t h e r  v a r i  ab1 es 

E f f e c t s  Re f e r  en c e a 

Fed 6 t o  7 mg Pb (as Pb 
acetate) /kg BW d a i l y .  

Consumed v e g e t a t i o n  (17 
t o  20 mg Pb/kg f r e s h  
weight )  near  Pb b a t t e r y  
r e c y c l  i ng p l  a n t  

Calves g i v e n  20 mg Pb/kg 
BW d a i l y  

A c c i d e n t a l l y  exposed f o r  10 
days t o  t o x i c  l e v e l s  o f  Pb, 
as Pb shot,  th rough corn  
s i l a g e .  S i l a g e  s to rage 
area r e c e i v e d  s h o t  f rom 
a nearby t r a p  s h o o t i n g  range. 
S i l a g e  conta ined 32 mg Pb/kg 

Calves, s i n g l e  o r a l  dose o f  
220 t o  400 mg Pb/kg BW, as 
Pb a c e t a t e  

T o t a l  dose o f  50 t o  100 grams 

og, Canis f a m i l i a r i s  

Fed 0.32 mg Pb/kg BW d a i l y  

Fed 3 mg Pb/kg BW d a i l y ,  as 
l e a d  carbonate 

I n t o x i c a t i o n  w i t h i n  8 weeks; 
most dead a t  day 105. 6 

Some deaths, m o s t l y  younger 
animals; n e u r o l o g i c a l  s igns .  
Lead l e v e l s ,  i n  mg/kg f r e s h  
weight ,  were 13.8 t o  35.8 
i n  blood, 6.9 t o  96.5 i n  . 
feces, 97 i n ' l i v e r ,  and 
138 i n  k idney.  H i s t o p a t h o l o g y  
o f  l i v e r  and k idney.  7 

F a t a l  i n  8 t o  22 days. 2 

1.5% dead (2/70), 27% w i t h  
s i g n s  o f  p o i s o n i n g  (k idney  
pathology,  hemorrhaging). 
T issue Pb c o n c e n t r a t i o n s  o f  
16 mg/kg f r e s h  we igh t  i n  l i v e r ,  
> 32 i n  k idney,  and up t o  
0.8 i n  b lood.  

LD-50. 

Tox ic .  

Chronic  t o x i c  l e v e l .  

Anorex ia and convu ls ions  
a t  180 days. 

Fed 1 ow c a l  c i  um/phosphorus A t  12 weeks, anemia, we igh t  
d i e t  conta i 'n ing 100 mg Pb/kg, l o s s ,  and r e n a l  n e c r o s i s .  

6 

2 

8 
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Although Pb i s  undeniably t o x i c  a t  h i g h  l e v e l s  o f  exposure, the  
imp l i ca t i ons  o f  lower  l e v e l s  o f  exposure a re  p o o r l y  de f i ned  (Nr iagu 1978b). 
Behavioral e f fects  such as h y p e r a c t i v i t y ,  d i s t r a c t a b i l  i ty, and decreased 
lea rn ing  a b i l i t y ,  as w e l l  as c e r t a i n  pe r iphe ra l  neuropathies, have been 
ascr ibed t o  s u b c l i n i c a l  Pb exposure (Hej tmancik e t  a l .  1982). Impaired 
l ea rn ing  a b i l i t y  o f  Pb-stressed animals showing no obvious signs of Pb 
i n t o x i c a t i o n  has been documented f o r  r a t s  (Cory-Slechta e t  a l .  1981, 1983, 
1985; Angel1 and Weiss 1982; Nat ion e t  a l .  1982; Ge is t  e t  a l .  1985; Massaro e t  
a1 . 1986), sheep (Nr iagu 1978b; EPA 1980), and pr imates (Rice 1985)--a1 though 
v a r i a b l i t y  was g rea t  i n  a l l  s tud ies.  Some l e a r n i n g  d e f i c i t s  may be r e v e r s i b l e  
and may n o t  p e r s i s t  beyond a p e r i o d  o f  r e h a b i l i t a t i o n  (Geis t  e t  a l .  1985), and 
some may be induced o n l y  a t  r e l a t i v e l y  h igh  exposure l e v e l s  (Hastings e t  a l .  
1984). Abnormal s o c i a l  behavior ( u s u a l l y  aggression) has been repo r ted  i n  
baboons and monkeys (Hopkins 1970; Nr iagu 1978b), a1 though mice showed 
i n h i b i t e d  development o f  i so la t i on - induced  aggression (Og i l v ie  and Mar t i n  
1982). A l t e r e d  p a r e n t - c h i l d  r e l a t i o n s h i p s  were suggested when suck1 i n g  r a t s  
were used as surrogates.  I n  tha t  study, pregnant r a t s  fed  d i e t s  conta in ing  
powdered Pb nursed f o r  longer  per iods  than normal, and t h e  r e s u l t a n t  o f f s p r i n g  
were s lower t o  exp lo re  t h e i r  environment ( B a r r e t t  and Livesey 1983). 
Lead-exposed pups, w i th  b lood Pb l e v e l s  as low as 200 ug/ l  (considered 
e levated bu t  w i t h i n  t h e  "normal" range) a t  weaning, showed an a l t e r e d  dam-pup 
i n t e r a c t i o n  t h a t  r e s u l t e d  i n  t h e  dam spending l onger  per iods  i n  €he nes t  than 
usual. Retarded development of Pb- t rea ted  pups may account f o r  the  longer  
bouts o f  nes t i ng  by Pb-stressed dams, and t h e  de lay  i n  age a t  which pups 
explore and learn .  B a r r e t t  and L ivesey (1983) concluded t h a t  maternal 
behavior was r e l a t e d  t o  de lays i n  pup development, and t h a t  t he  func t i ona l  
i s o l a t i o n  o f  pups from t h e i r  environment may be t h e  antecedent ' t o  a l t e r e d  
behavior 1 a t e r  i n  ma tu r i t y .  

No data are c u r r e n t l y  a v a i l a b l e  on e f f e c t s  o f  Pb-induced a l t e r e d  
parent -o f fspr ing  r e l a t i o n s h i p s ,  impai red l e a r n i n g  a b i l i t y ,  o r  abnormal soc ia l  
behavior f o r  any popu la t i on  of f ree- rang ing  w i l d 1  i f e .  

I nges t i on  o f  Pb-conta in ing p a i n t  f rom bars o r  w a l l s  i s  a s i g n i f i c a n t  
cause o f  death among cap t i ve  wi ld an ima ls - - i nc lud ing  many species of apes, 
monkeys, bears, f e r r e t s ,  p innipeds, foxes, panthers, bats,  raccoons, and 
armadi l los- -and i s  probably  underreported (Hopkins 1970; Zook e t  a l .  1972; 
Fowler 1975; Forbes and Sanderson 1978). A s i m i l a r  s i t u a t i o n  e x i s t s  fo r  
domestic an ima ls - - inc lud ing  dogs, cats,. goats, horses, swine, c a t t l e ,  and 
sheep ( D o l l a h i t e  e t  a l .  1978; Forbes and Sanderson 1978; Osweiler and Van 
Gelder 1978; H a m i r  1981). Passage of laws r e g u l a t i n g  the  amount o f  Pb i n  
p a i n t  has decreased t h e  frequency of Pb poisoning,  but many animals a re  s t i l l  
a t  r i s k  from t h i s  source. Lead a l so  occurs i n  used motor o i l s ,  gasol ine,  
b a t t e r i e s ,  shot, pu t t y ,  g o l f  b a l l s ,  l ino leum, and p r i n t e r s  i n k - - a l l  o f  which 
are considered sources o f  Pb poisoning t o  domestic animals ( D o l l a h i t e  e t  a l .  
1978). 
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